Nicotine was used to induce an intracellular alkalinization in Elodea densa leaves in order to study the regulation of the plasmalemma H + pump activity by alkaline intracellular pH values. Nicotine was found to enter the cells rapidly in the uncharged form and to induce a significant intracellular pH increase, measured either directly as cell sap pH or as vacuolar and cytoplasmic pH by calculation from the distribution at equilibrium of labelled pH probes. The nicotine-induced alkalinization was associated with a progressive decrease in K + uptake. A strong inhibition of net H + efflux was also evident in the presence of K + in the external medium, whereas no nicotine effect on net H + efflux was detected in the absence of K + (in spite of the larger accumulation of nicotine in the tissue) in agreement with a down-regulation of the activity of the K + -dependent plasmalemma H + -ATPase by alkaline intracellular pH values.
Weak bases, as well as weak acids, are commonly used for imposing alkaline-or acid-going changes of intracellular pH in order to study, on one hand, the role of the intracellular pH (in particular of cytoplasmic pH) in modulating a number of key metabolic and physiological processes and, on the other hand, the pH homeostasis regulation (for an extensive review see Guern et al. 1991 and references Abbreviations: BAM, benzylamine; BTP, bis-tris propane (l,3-bis[tris(hydroxymethyl) methylamino] propane); DMO, 5,5-dimethyloxazolidine-2,4 dione. therein).
The imposition of an acid load to the cytoplasm does not require experimental conditions too far from the physiological ones, given the pH value of cytoplasm and the low pK a values of the weak acids utilized. Conversely, to impose an alkaline load, high concentrations of weak base and/or extremely alkaline pH values in the incubation medium are needed. In spite of this complication, the use of weak bases in these conditions allowed to obtain results of interest. Felle (1987) , for instance, found that a number of weak bases induced in Sinapis alba root hairs a considerable cytoplasmic alkalinization (from approx. 0.5 up to 0.8 pH units) accompanied by a strong depolarization of the transmembrane electrical potential, likely reflecting an inhibition of the plasmalemma H + pump, and Tromballa (1987) investigated in Chlorella the effects of intracellular alkalinization on K + movements and obtained evidences for the existence of a plasmalemma-bound K + /H + antiport system playing an important role in intracellular pH regulation.
However, at least two kinds of consequences necessarily originate from such drastic treatments. The first one is that high intracellular concentrations of weak bases, besides affecting the intracellular pH, may also lead to toxic effects (i.e. aspecific permeabilization of the cell membranes) or markedly influence other cell activities. A good example for this last point is given by Blatt and Armstrong (1993) who report that in stomatal guard cells amine-based compounds such as NH^, trimethylamine, benzylamine and procaine act as K + -channel blockers at concentrations (3-10 mM) lower than those required to get an appreciable base load. The second one is that the intracellular pH changes obtained with these treatments are, in most of the cases, largely higher than those occurring in physiological conditions, and this may, at least partially, hinder the study of the in vivo regulation by intracellular pH. In fact, it seems reasonable that the systems designated to the maintenance of the pH homeostasis (such as the metabolic production or consumption of H + , and the mechanisms of excretion of H + out of the cytoplasm) can sense even moderate pH changes as a signal to change their activity. Consistent with this view are a number of evidences: (i) Mathieu (1982/83) reports that in Acer pseudoplatanus cells at the expected in vivo concentrations of malate and + pump activity phosphoenolpyruvate carboxylase (two key components of the biochemical pH-stat) the pH-dependence of this enzyme is such that a small increase in cytoplasmic pH (<0.2 unit) leads to an increased malate synthesis, (ii) In Elodea densa leaves the activation of the plasmalemma H + pump by K + is accompanied by a cytoplasmic alkalinization of approx. 0.1-0.2 pH units (Marre et al. 1987) , and the activation by light results in a cell sap alkalinization ranging between 0.06 and less than 0.4 pH units, depending on the presence of K + (Marre et al. 1989a) . (iii) Treatments with natural growth substances (like abscisic acid, auxin and cytokinins), supplied at such concentrations as to reproduce the physiological effects of these compounds, are reported to induce in stomatal guard cells and in aleurone protoplasts, as well as in non-specialized plant tissues, cytoplasmic pH changes from 0.03 to less than 0.4 pH units (Gehring et al. 1990 , Irving et al. 1992 , van der Veen et al. 1992 , Beffagna et al. 1995 .
Moving from these considerations, the main objectives of the present investigation were to study in Elodea densa leaves the regulation of the plasmalemma H + pump activity by alkaline-going changes of cytoplasmic pH as close as possible to the physiological ones, and to evaluate in these conditions the relative importance of the different systems involved in the cytoplasmic pH regulation. With this aim, a non-aminic base (nicotine, pK a 8.1) was chosen, and its uptake and effects on vacuolar and cytoplasmic pH were preliminarily characterized.
Materials and Methods
Plant material and growth conditions-Samples of fully expanded leaves from young plants of Elodea densa cultured in large tanks in a greenhouse were prepared as previously described (Marre et al. 1987) and preincubated for about 1 h in a 0.5 mM CaSO 4 solution at 20°C under agitation. All the following treatments were carried out at the same temperature in the presence of 5 //M DCMU to suppress the light-dependent component of H + extrusion (Marre et al. 1989b) . DCMU was dissolved in methanol to yield a 10 mM stock solution. The final methanol concentration in the samples was 0.05% (v/v). The ratios FW per volume of medium and the detailed experimental conditions are reported in the following.
Cell sap pH-After preincubation, samples (500 mg FW 20 ml"') were treated for 120 min in a basal solution containing 0.5 mM CaSO 4 , 5 fM. DCMU and 20 mM MES, adjusted to the required pH (routinely, pH 6, unless otherwise indicated) with LiOH or H 2 SO 4 depending on the presence of the weak bases. When present, K 2 SO 4 was 2.5 mM, whereas nicotine and BAM were fed at different concentrations, as specified in the individual experiments. At the end of the treatments the leaves were washed for 3 min at 0°C with 0.5 mM CaSO 4 to clear the free space from the external medium, blotted on filter paper, transferred into plastic syringes and frozen at -3 0°C for at least 3 h. The pH was directly measured by means of a Radiometer pH meter equipped with a flat tip combined electrode (Radiometer GK7325M) in the cell sap, obtained by squeezing the leaves after freezing and thawing.
Buffering capacity-The buffer capacity of the cell sap (17.15 H + ml"' (pHunit)" 1 ) was evaluated from the amount of 0.2 M NaOH required to change the pH of 1 ml of cell sap around pH5.5.
The buffer capacity of the cytoplasm (52//mol H + ml" 1 (pH unit)"') was calculated by comparing the pH change (from 7.50 to 7.44) induced in the cytoplasm by a known amount of DM0 (samples treated with 2 mM DM0 for 120 min at pH out 5.5 accumulated 2.78 /jmol DM0 (g FW)"
1 , corresponding to a 21.24 mM concentration in the cytoplasm on the basis of a cytoplasmic volume of llfA (g FW)"
1 , see below) with the pH change induced in a 40 mM phosphate buffer solution (adjusted to the same initial cytoplasmic pH value) by the same DM0 concentration. The choice of a phosphate solution was made on the basis of the assumption that, together with the phosphate compounds and few amino acids such as histidine, cystine and cysteine, phosphate can be considered as the main pH-buffering component of the cytoplasm (Smith and Raven 1979) .
The buffer capacity of the vacuolar sap (22.5yumol H + ml" 1 (pH unit)" 1 ) was estimated by subtracting from the cell sap buffer capacity around pH 5.5 the contribution of the cytoplasm, and correcting the values obtained for the dilution of the vacuolar sap in the cell sap. In the calculation, the buffering capacity of the cytoplasmic components at pH 5.5 was taken approx. as 1/3 of that measured at pH 7.5. This assumption, made on the basis of the titration curve of the phosphate buffer solution above mentioned (not shown), was satisfactorily in agreement with the cytoplasmic buffer capacity evaluated by Felle (1987) in Sinapis alba root hairs.
H + extrusion-Samples (200 mg FW 10 ml" 1 ) were transferred into a solution containing 0.5 mM CaSO 4 , 5//M DCMU, 2 mM MES/BTP (pH 6) and pretreated for 30 min at 20°C with or without 5 mM nicotine. The external media were then removed and substituted with fresh solutions equal to those previously used except for the buffer strength which was lowered (0.3 mM MES/ Li) to better estimate the pH changes of the external medium. When present, K 2 SO 4 was 2.5 mM. Before substituting the external media the leaves were washed for 3 min with the same ice-cold low buffered solutions. Proton extrusion was measured at different times by back-titration of the medium after removal of CO 2 according to Lado et al. (1981) .
Measurements of vacuolar and cytosolic pH-Vacuolar and cytosolic pH values were obtained by measuring the distribution at equilibrium of the weak acid DMO and the weak base benzylamine. These lipophilic compounds were selected as the most suitable labelled probes for cytosolic and vacuolar pH measurements in Elodea leaves, since they were not metabolized at any significant extent (about 3%), showed only a negligible binding to cell structures and passed through the cell membranes in the uncharged form only (Beffagna and Romani 1989) .The calculations were carried out by the equations derived from the Waddel and Butler equation (1), and from that of Henderson-Hasselbalch (2):
For a detailed description of the equation terms, see Marre et al. (1987) and Beffagna and Romani (1989) .
To know the actual concentration of the weak base (Cj) and of the weak acid (C,) accumulated inside the tissue, the intracellular water volume (H 2 O in ) was taken as being equal to the FW x 0.72 (correction for 20% free space, as sorbitol permeable space, and for %% DW). In the calculation 1 mg was taken as equal to 1 li\ and a ratio between vacuolar and cytosolic volume of 0.9 : 0.1 was assumed.
Uptake experiments-For the uptake experiments batches of 100 mg FW of leaves were used.
The accumulation of DMO (pK a 6.4) and of benzylamine (pK a 9.33) used as cytosolic and vacuolar pH probe, respectively, was measured by the uptake in the tissue of [2-14 C] DMO and [7-14 C] benzylamine. The radioactivity supplied was 4.63 kBq per sample, the initial concentration of both the probes being 5 fiM. Samples were pretreated in a basal solution containing 0.5 mM CaSO 4 , 5 fiM DCMU, 10 mM MES/BTP (pH 6), and the pH probe (DMO or benzylamine) for 60 min (required for the equilibration between the intra-and the extracellular concentrations of both probes) at 20°C under agitation. The samples were then incubated for further 120 min with or without 5 mM nicotine. The leaves collected at the desired times of treatment were rinsed for 3 min with the corresponding unlabelled ice-cold solutions, blotted on filter paper, and placed directly into the scintillation vials.
Potassium influx was measured as 86 Rb + uptake. The radioactivity (1.85 kBq per sample) was provided as Rb
86
Cl into a solution containing 0.5 mM CaSO 4 , 5 nM DCMU, 10 mM MES/BTP (pH 6) and 2.5 mM K 2 SO 4 . At the end of the desired times of treatment the leaves were collected and rinsed twice for 8 min with the corresponding unlabelled ice-cold solutions, blotted on filter paper, and placed directly into the scintillation vials. The radioactivity incorporated was measured by liquid scintillation counting, after digestion and bleaching of the tissue, as described in a previous paper , and determined by a Packard TriCarb counter after addition of 10 ml scintillation liquid (Hionic Fluor, Packard).
Determination of malate-Malate was determined in a perchloric acid extract from samples of 200 mg of leaves by the enzymatic-spectrophotometric procedure utilizing malate dehydrogenase, NAD, acetyl coenzyme A and citrate synthase to trap the oxalacetate formed (Schoner 1974) .
Results and Discussion
Nicotine effects on intracellular pH-To settle the experimental conditions more appropriate to get in Elodea densa leaves a reasonably large intracellular alkalinization, a preliminary investigation was made by measuring the changes in cell sap pH induced by increasing concentrations of the weak base nicotine supplied to the basal medium at different pH values. Fig. 1 illustrates the cell sap pH values measured after 120 min of treatment with nicotine concentrations up to 50 mM in basal medium adjusted to pH5.5, 6, or 6.5, respectively. The results indicate that when the samples were incubated at pH 5.5 (routinely used for the experiments with Elodea densa leaves) only a small cell sap alkalinization was evident, except for the highest (50 mM) nicotine concentration used which induced a pH increase somewhat higher than 0.2 units. Similar pH increases were found at pH ou , 6 with nicotine concentrations from ten to five times lower, and at pH oul 6.5 with 5 mM nicotine. A further increase of about 0.2 pH units was induced by 50 mM nicotine at pH ou , 6 but also at pH out 6.5, in spite of the about threefold higher concentration of the uncharged and permeating form of the weak base at this more alkaline pH. This suggested that at these high concentrations some collateral, and probably toxic, effect of nicotine occurred. The replotting of the same data as a function of the external concentration of the unionized form of nicotine (insert of Fig. 1) indicates that a near linearity of the change in cell sap pH with log (nicotine concentration) was apparent only for values lower than 1.9, corresponding to a 80 /uM concentration of unionized form which can equilibrate between the extra-and the intracellular compartments when 10 mM nicotine is supplied in the medium at pH 0Ut 6.
A comparison between the effects of nicotine and of the weak base benzylamine (5 and 10 mM, supplied at pH 0U , 6 for 120 min) on cell sap pH is reported in Fig. 2 . The data show that similar alkalinizations were induced by the same concentrations of the two weak bases in agreement with the fact that, in spite of the pK a difference, the theoretical accumulations of nicotine (pK a 8.1) and of BAM (pK a 9.33) at the intracellular pH values measured at the end of the treatments were substantially the same (see insert of Fig. 2) . These results seem to rule out the possibility that the increase in cell sap pH observed with nicotine were due to some specific effect of this compound.
The effects of nicotine on intracellular pH were measured separately in the vacuolar and the cytoplasmic compartments by the accumulation of labelled BAM and DMO, used at /uM concentration as pH probes. Fig. 3 shows the pH values of vacuole and of cytoplasm after 120 min of treatment in basal medium (pH ou , 6) with increasing + pump activity nicotine concentrations. The data show that in the vacuole a significant alkalinization, progressively larger for higher nicotine concentrations was evident, whereas this was not true for the cytoplasm. In fact, only a negligible increase in cytoplasmic alkalinization was detected for the increase in nicotine concentration from 5 to 10 mM, and a dramatic acidification (pH 6.79) was found at the 50 mM concentration. This last unexpected result could not reasonably be interpreted as a physiological response to nicotine, but seemed to be more probably a consequence of an increase in Fig. 3 Nicotine effects on vacuolar and cytoplasmic pH as a function of concentration. Samples were incubated for 120 min in basal medium (pH out 6) in the presence of nicotine at the concentrations indicated. Values are means from at least three experiments run in triplicate. SE for the uptake of the pH probes was not larger than±2.5%.
membrane permeability due to some toxic effect of nicotine at this high concentration. In fact, a non-specific increase in passive permeability of the plasmamembrane would lead to a release of the previously accumulated pH probes during the washings routinely carried out at the end of the treatments. It follows that the low values of accumulation of DM0 (and also of BAM) found in these conditions do not correspond to the amount of probes actually accumulated and cannot anymore be used for the calculation of cytoplasmic and vacuolar pH . In case of treatments with alkalinizing agents, such as nicotine, the lower accumulations of DMO and of BAM lead to underestimate and overestimate, respectively, the pH increase induced. On the basis of these results and of the considerations on the linearity of the nicotine effect on the cell sap pH reported above (see insert of Fig. 1 ) a 5 mM nicotine concentration and an external pH = 6 were so selected as the most suitable conditions to carry out all the following experiments.
The time course of the nicotine effect on vacuolar and cytoplasmic pH was then studied to determine the time of treatment necessary to reach a satisfactorily large increase in intracellular pH. The data reported in Table 1 show that a small but significative alkalinization of both compartments was already evident after 30 min of treatment with 5 mM nicotine. The cytoplasmic pH increase maintained substantially constant for the following times (up to 120 min), whereas the vacuolar alkalinization was slightly enhanced, the increase being however mainly due to a progressive decrease in pH of the controls. Therefore, 30 min of treatment with nicotine were considered as a time sufficient to obtain intracellular pH values significatively higher than those of the controls.
Effect of the intracellular alkalinization on the plasmalemma H
+ pump activity-To investigate the effects of the intracellular alkalinization on the activity of the plasmalemma H + pump all the samples were pretreated for 30 min Samples were incubated for up to 120 min in basal medium (pH out 6) with or without 5 mM nicotine. Data are means from at least three experiments run in triplicate. SE for the uptake of the pH probes was not larger than±3%. in basal medium with or without 5 mM nicotine. At the end of this period, taken as the starting point, the treatments were carried on, always with or without nicotine at the same concentration.
A first approach was made by following the influence of nicotine on the influx of K + , known to be associated with the electrogenic H + extrusion driven by the plasmalemma H + -ATPase and considered as indicative of its operativity in this material and in several other plant tissues (Marre et al. 1989b ). Fig. 4 shows the time course of K + influx (measured as ^Rb* uptake) in samples treated with 2.5 mM K 2 SO 4 for up to 120 min in basal medium with or without 5 mM nicotine. The data indicate that a significant inhibition of K + influx was evident in the presence of nicotine at all the times considered, and progressively increased with time (approx. from 28% at 30 min to 50% at 120 min), in agreement with a gradually declining activity of the K + -dependent plasmalemma H + pump.
The effects of the nicotine-induced intracellular alkalinization on the activity of the H + pump, measured as titratable H + extrusion, were then studied. In Fig. 5 the results are reported of some experiments in which the samples were treated for up to 120 min in basal medium with or without 2.5 mM K 2 SO 4 and 5 mM nicotine. Treatments were preceded, as usual, by a 30 min preincubation in basal medium with or without nicotine at the same concentration. The data show that the H + extrusion by leaves incubated in the presence of K + was inhibited by nicotine by only 10% at 30 min, but was strongly and progressively depressed in the following times, till to be (at 120 min) approx. the 44% of that measured in the controls without nicotine. Conversely, in the absence of K + (and of other nicotine+K + control (-K + ) nicotine Fig. 5 Time course of nicotine effect on titratable H + extrusion. Samples were preincubated for 30 min in basal medium (pH out 6) with or without 5 mM nicotine, and then treated for up to 120 min in the same medium with or without 2.5 mM K 2 SO 4 and nicotine. Values are means from three experiments with three replications each. SE did not exceed±5% of the values reported. In the insert the time course of nicotine accumulation followed in basal medium with or without 2.5 mM K 2 SO 4 is reported.
permeating cations), i.e. a condition in which the activity of the plasmalemma H + pump was substantially negligible, no nicotine-induced decrease in H + extrusion was found, even if the weak base accumulation in this case was higher than in the presence of K + (see insert of Fig. 5 ). These last data, together with the finding that nicotine could efficiently counteract the stimulating effect of K + on H + extrusion, in spite of the lower uptake due to the K + -induced intracellular alkalinization (Marre et al. 1987) , favour the view that the nicotine-induced increase in intracellular pH inhibits the activity of a K + -dependent H + extruding mechanism and, in particular, of the plasmalemma H + pump. In fact, the hypothesis of a nicotine-induced stimulation of a possible K + / H + cotransport mechanism (Maathuis and Sanders 1994, Schachtman and Schroeder 1994) leading to a decrease in net H + extrusion was excluded by the finding that K + uptake was inhibited by the weak base (Fig. 4) . The possibility that an inhibition of a K + /H + antiport operating at plasmalemma level (proposed for Ricciafluitans by Felle 1989) might be mainly responsible for the reduced net H + extrusion found with nicotine seemed weakened by the finding that in Elodea densa leaves, as well as in Arabidopsis thaliana seedlings, treatment with nicotine in the absence of K + was accompanied by a weak depolarization of the transmembrane electrical potential (Meraviglia et al. 1996 , Beffagna et al. 1997 , reasonably reflecting the inhibition of the low, basal activity of the plasmalemma H + pump. For the same reason, the possible involvement of a K + /H. + antiport, exchanging Kj for H^,, at plasmalemma level and stimulated by alkaline pH values (such as that described for other plant materials by Trom-balla 1987 , Cooper et al. 1991 , seemed to be excluded. In addition, also the finding that in the absence of K + in the external medium no decrease in net H + extrusion was observed under nicotine treatment contributed to rule out this last mechanism. Finally, the lack of effect of nicotine in the absence of K + allowed also to exclude the eventuality that the nicotine-induced decrease in net H + extrusion observed in the presence of K + might depend on some collateral effect of this weak base.
Taken as a whole, these results indicate that the decreases in K + and H + fluxes through the plasmalemma observed in the presence of nicotine are due to the decrease in intracellular H + concentration which, in turn, would decrease the activity of the plasmalemma H + -ATPase. Balance between base accumulation, biochemical pHstat response and intracellular pH increase-The alkalinization induced by nicotine in the vacuole and in the cytoplasm was smaller or larger, respectively, than expected on the basis of the values of nicotine accumulation (see insert of Fig. 5 ) and of the buffer capacity calculated for the cytoplasm and the vacuole in this material. These differences, detectable at all the times considered, were more evident for the longer times of treatment. For the vacuole, for instance, with the nicotine accumulation found at 120 min (9.4/imol (g FW)"
1 , corresponding to a 14.33 mM vacuolar concentration) and a buffer capacity of approx. 22.5 /imol H + ml" 1 (pH unit)" 1 around pH 5.5, a pH increase of about 0.64 units, and not of only 0.385 units (see Table  1 ) should be found.
The possibility that this apparent discrepancy were due to an at least partial entry of nicotine in its protonated form seemed to be excluded, as the amount of nicotine taken up closely corresponded to the amount predicted by the theoretical accumulation at equilibrium in the experimental conditions adopted (5 mM [nic] out , pH out = 6, pH vac = 5.54, pH cyt = 7.55). Thus, the possibility that some metabolic response (e.g. the malate system response) triggered by the nicotine-induced alkalinization and tending to compensate it might account for the observed differences was considered, and the time course of nicotine effects on malate content was investigated.
The results obtained (reported in Table 2) show that a small but progressive decrease in malate content (approx. 15% at 120 min) accompanied the intracellular acidification observed in the control samples (see Table 1 ), in agreement with the biochemical pH-stat theory (Davies 1973, Raven and Smith 1974) . Conversely, in the presence of nicotine the level of malate maintained substantially unvaried at all the times considered, suggesting a different balance between the synthesis and the degradation of malate (linked to the cytosolic alkalinization induced) counteracting and masking the gradual decrease found in the control samples. Since for each ^mol of malate synthesized two jumol of H + are produced, it might be inferred that in the nicotine-treated samples the protons from malate synthesis could, at least partially, neutralize the nicotine taken up.
The data of Table 3 show that the sum of the ^mol of base required to give the vacuolar alkalinization measured (Table 1) and of the //mol of protons from malate synthesis (Table 2 ) yields a total amount of/imol roughly corresponding to that of the nicotine taken up at the different times considered (insert of Fig. 5) . In other words, this suggests that the amount of H + produced by the synthesis of malate in the nicotine-treated samples accounts for the amount of base exceeding that required to induce the observed pH changes. As a result, this "extra amount" of nicotine is ineffective on the intracellular pH.
These results seem to satisfactorily explain the reason for the differences between the nicotine-induced alkalinization observed and that expected, and further confirm the view, already suggested by the evidences obtained from the results on H + extrusion, that the nicotine effects so far observed are not due to a stimulating or inhibiting action of the weak base on the activity of some mechanism exchanging H + across the plasmalemma other than the H + pump.
As regards the cytoplasm, a quite different picture appears. In fact, on a theoretical basis, in our experimental conditions the nicotine concentration in the cytoplasm at equilibrium should be 0.18 mM. Such a low concentration, given the calculated cytoplasmic buffer capacity of about 52fimolU + mP 1 (pH unit)" 1 around pH 7.5, should determine only a negligible alkalinization. Conversely, in the nicotine-treated samples the cytoplasmic pH at 120 min was about 0.16 pH units higher than that of the controls, an increase which would be accounted for by a nicotine concentration approx. 50 times higher than that capable to equilibrate in the cytoplasm at the observed pH value (7.55).
These considerations indicated that the cytoplasmic alkalinization found with nicotine could not be simply due to the presence of a certain amount of this weak base subtracting protons from the cytoplasmic compartment, i.e. could not be interpreted in terms of direct cytoplasmic pH regulation. Actually, as a working hypothesis, a possible involvement of the vacuolar H + -ATPase, and/or the H + -pyrophosphatase might be invoked to explain these results. In fact, both these enzymes catalyze an electrogenic H + translocation from the cytosol to the vacuole to generate an inside-acid pH difference and an inside-positive electrical potential difference (providing energy for uptake and release of solutes across the tonoplast through antiporters, symporters and channels) and their activity, besides being regulated by a number of specific factors, is subject to kinetic control by the transmembrane H + -electrochemical potential difference (Rea and Sanders 1987 , Shimmen and MacRobbie 1987 , Sze et al. 1992 ). In the presence of nicotine the activity of these H + -translocating pumps might be stimulated by the large weak base-induced decrease in vacuolar H + concentration (i.e. by the dissipation of the pH gradient across the tonoplast) and the H + concentration in the cytoplasmic compartment would be, in turn, decreased. Much more work is however required to check this hypothesis.
Taken as a whole, the present data show that small cytoplasmic pH increases such as those observed in vivo in the presence of nicotine markedly inhibit the activity of the K + -dependent plasmalemma H + pump. These results, together with the close relationship between acid load, cytoplasmic acidification and activation of the plasmalemma H + pump previously highlighted in the same material confirm the regulatory role of both sides of cytoplasmic pH on the activity of this system, in agreement with the results obtained in vitro by other authors with membrane vesicle preparations (Sze 1985 , Rasi-Caldogno et al. 1986 ).
In addition, these results show that when weak bases are supplied at relatively low concentrations in experimental conditions not too far from the physiological ones (pH out 6), in spite of the extremely low theoretical accumulation of the weak base in the cytoplasm and of the high buffer capacity of this compartment, a significant cytoplasmic alkalinization occurs, presumably linked to the necessity to counteract the dissipation of the H + -electrochemical gradient across the tonoplast due to the strong vacuolar alkalinization.
